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Abstract
Effect of Concentrations of Progesterone on Follicular Development
and Fertility in Beef Cows
Jason B. Candler
The present study was performed to investigate the effects of low ascending
concentrations of progesterone on fertility in lactating beef cattle. Cows on the low
ascending progesterone treatment received PGF2α from days 3 to 4 after estrus. All cows
received PGF2α on day 9, and estradiol benzoate on day 11. Cows were inseminated
artificially 12 hours after estrus. Concentrations of progesterone were lower in treated
versus control cows. Pregnancy rate did not differ between treated and control cows.
Pregnancy rate was greater in cows that ovulated a follicle from the right (78%) versus
left (52%) ovary (p < 0.01). Low ascending progesterone early in the estrous cycle did
not decrease fertility to the same extent seen with extended periods of low progesterone.
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Introduction
Lowered concentrations of progesterone in cattle alter follicular development and
profiles of LH and estrogen in peripheral blood. Fertility has been correlated with
concentrations of progesterone during the estrous cycle before ovulation (Folman et al.,
1973; Corah et al., 1974; Erb et al., 1976; Fonseca et al., 1983; Meisterling and Dailey,
1987). Low dosages of progestogens used in the synchronization of estrus can result in
persistence of the dominant follicle (Sirois and Fortune, 1990; Cupp et al., 1992; Savio et
al., 1993b). Fertility was low in cattle that ovulated persistent follicles (Sanchez et al.,
1993; Savio et al., 1993a,b; Stock and Fortune, 1993; Wehrman et al., 1993; Mihm,
1994a; NE-161, 1996).
Follicular development, secretory profiles of LH, effects of ovarian steroids on
LH, the effects of low progesterone on follicular development, and the mechanisms of
reduced fertility in cattle with low progesterone will be discussed in this review.
Discussion of these topics will elucidate the basis for a study of the effects of low
ascending concentrations of progesterone early in the estrous cycle on fertility in beef
cattle.

Review of Literature
Follicular Development
Follicular development will be reviewed in order to understand the role of the
follicle in fertility. Based upon in-depth reviews (Fortune, 1994; Greenwald and Roy,
1994; Ginther et al., 1996; Ireland et al., 2000), a general scenario can be summarized.
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In mammals, a primary oocyte surrounded by a single layer of squamous
granulosal cells is known as a primordial follicle. Primordial follicles remain in a resting
state throughout the reproductive life of a female until unknown factors initiate their
growth. Once a follicle has initiated growth, it can either continue to grow until it
ovulates or undergo the degenerative process of atresia. A primordial follicle is termed a
primary follicle when the granulosal cells surrounding the oocyte become cuboidal.
Proliferation of granulosal cells results in a secondary follicle. A secondary follicle
acquires thecal cells and forms an antral cavity to become a tertiary follicle. Granulosal
and thecal cells of a tertiary follicle continue to proliferate and the antrum continues to
increase in size until the follicle receives the hormonal cue to ovulate (a surge of
luteinizing hormone, LH and follicle stimulating hormone, FSH).
Follicular development occurs in two or three cohorts or “waves” during the
estrous cycle of the cow (Bos taurus). Each wave begins with the growth of a cohort of
several tertiary follicles. One follicle, known as the dominant follicle, will grow larger
than the remainder of the follicles in the cohort. Development of follicles during each
wave can be broken down into three stages: recruitment, selection, and dominance.

Recruitment
The very early stages of follicular development may occur in the absence of
gonadotropins, as follicles continued to develop to early antral stages in ewes 70 days
after hypophysectomy (Dufour et al., 1979). Regression or ovulation of the dominant
follicle from a wave decreases the peripheral concentrations of inhibin and estrogen and
allows a rise in concentration of follicle-stimulating hormone (FSH) to occur. Increased
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concentrations of FSH promote the growth of a subsequent cohort of follicles that had
already reached the tertiary stage. The process by which this cohort of follicles begins
growth is known as recruitment. Growth of follicles greater than 2 mm required
gonadotropic (hCG) and somatotropic (rbST) support in ewes (Eckery et al., 1993).
Treatment of pituitary stalk-transected ewes with FSH restored the number of visible
follicles on the ovaries to that seen in sham-operated animals (Larson et al., 1991). FSH
surges occurred 2 to 4 days before the emergence of each follicular wave was detected by
ultrasound (follicle diameter 4 to 5 mm) during the estrous cycle of heifers (Adams et al.,
1992a). Messenger RNA (mRNA) for FSH receptor was localized to the granulosal cells
of preantral primary follicles (Xu et al., 1995). These data support the integral role of
FSH in follicular recruitment.

Selection
As follicles in a cohort grow, many follicles in the growing pool become atretic.
This process continues until one follicle remains. The follicle that remains is termed
dominant; all other follicles are termed subordinate. The process of reduction from the
number of follicles that began growth during recruitment to the single dominant follicle
(that usually occurs in cattle) is known as selection. The dominant follicle and the largest
subordinate follicle (second largest follicle) initially grow in parallel (Ginther et al., 1996;
Kulick et al., 1999). The time at which the largest subordinate follicle’s growth slows,
resulting in a difference in the growth rate of the two largest follicles, is known as
deviation (Ginther et al., 1996). Because the slowing growth rate of the largest
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subordinate follicle is associated with the beginning of its demise, deviation has been
used to mark the completion of follicular selection in cattle.
Recently, research has been focused on understanding the endocrine control of
deviation. Ginther et al. (2000a) proposed that the control of deviation involved a twoway functional coupling between FSH and the follicles. As previously mentioned, a
surge of FSH promotes the growth of a cohort of follicles. Growing follicles of the
cohort attain the capacity to suppress FSH secretion by the time they are 5.0 mm in
diameter (Gibbons et al., 1999), and the dominant follicle is a mean of 8.5 mm in
diameter at the time of deviation (Ginther et al., 1996). Estrogen produced by the future
dominant follicle is involved in the suppression of FSH (Ginther et al., 2000b). The
declining concentration of FSH fails to support the continued growth of the subordinate
follicles, but is both required and sufficient for the dominant follicle to continue to grow
(Turzillo and Fortune, 1993). Primary gonadotropic support shifts from FSH to LH after
the decline in FSH. Although suppression of LH did not affect the time of deviation, the
diameter of the largest follicle was decreased when LH was lowered after deviation
(Ginther et al., 2001). An increase in responsiveness to LH is crucial to the continued
development of the dominant follicle. Granulosal cells of the dominant follicle express
more LH receptor messenger RNA than those in the largest subordinate follicle before the
time of deviation (Beg et al., 2001). The acquisition of LH receptors allows the dominant
follicle to continue growing after the decline in FSH.
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Dominance
A follicle becomes dominant when it either suppresses the growth of all other
follicles in a cohort, or continues growing in an environment that will not support the
growth of subordinate follicles (Hodgen, 1982). Cauterization of the dominant follicle on
day 3 after ovulation delayed the regression of the largest subordinate follicle by 6.5 days,
compared to controls (Ko et al., 1991). The dominant follicle may alter the growth of
other follicles by secreting a paracrine factor(s) that directly inhibits the growth of
subordinates, or by altering endocrine support for subordinate follicles via negative
feedback mechanisms (Fortune, 1994). The dominant follicle depends on LH for
continued development. Treatment of cows with increasing doses of progesterone
reduced pulse frequency of LH (but not FSH; Ireland and Roche, 1982), and treatment
with dosages of progesterone that were greater than physiologic values suppressed the
growth of the dominant follicle (Adams et al., 1992b).

Fate of the Dominant Follicle
After deviation, the dominant follicle continues to mature in preparation for
ovulation. The most important aspect of maturation is the ability to secrete increasing
amounts of estradiol, which will ultimately induce a surge of LH and subsequent
ovulation (Fortune, 1994). Estradiol increases pituitary sensitivity to luteinizing hormone
releasing hormone (LHRH) and release of LHRH (Kesner et al., 1981), but only if
concentrations of progesterone are relatively low or have declined significantly.
Progesterone inhibits gonadotropin surges (Kesner et al., 1982). Therefore, if the corpus
luteum (progesterone secreting gland) does not regress, as in the case of the first and
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some second wave dominant follicles during an estrous cycle, an LH surge and ovulation
will not occur. Instead, the dominant follicle undergoes atresia, giving rise to a new wave
of follicular growth.
Savio et al. (1993a) proposed that high concentrations of progesterone produced
by the corpus luteum decrease LH pulse frequency and cause turnover of nonovulatory
dominant follicles. Apoptosis, or programmed cell death, of follicular cells is involved in
the atresia of ovarian follicles (Hughes and Gorospe, 1991; Tilly et al., 1991; Manikkam
and Rajamahendran, 1997). FSH prevented spontaneous apoptosis of bovine granulosal
cells in vitro (Yang and Rajamahendran, 2000). Androgens induced and estrogens
inhibited apoptosis of granulosal cells in estrogen-implanted hypophysectomized
immature rats (Billig et al., 1993). The direct actions of ovarian steroids on apoptosis
should be investigated to improve understanding of turnover of dominant follicles in
cattle.
If the corpus luteum is regressed, naturally or by treatment with prostaglandin F2α
(PGF2α), LH pulse frequency will increase, causing the dominant or future dominant
follicle to increase in size and to secrete more estradiol. Increasing secretion of estradiol
will induce a surge of LH and the dominant follicle will ovulate.

LH Secretory Profile: Effects of Ovarian Steroids
Ovarian hormones (estradiol, progesterone, and inhibin) regulate the secretion of
gonadotropins (LH and FSH) from the anterior pituitary by positive and negative
feedback mechanisms. Removal of ovarian hormones by ovariectomy results in dramatic
increases in secretion of LH (Hobson and Hansel, 1972; Short et al., 1973; Beck et al.,
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1976; Schallenberger and Peterson, 1982) and FSH (Schallenberger and Peterson, 1982).
Secretion of FSH is regulated by follicular estradiol and inhibin (Ginther et al., 1996).
Progesterone (Short et al., 1973; Beck et al., 1976) or estrogen (Hobson and Hansel,
1972; Beck et al., 1976) alone did not suppress an increase in LH in serum. However,
treatment with progesterone and estrogen together maintained basal concentrations of LH
in heifers (Beck et al., 1976).

LH Secretion During the Estrous Cycle
Rahe et al. (1980) measured serum LH every 10 minutes for 24 hours on day 3, 10
or 11, and 18 or 19 of the estrous cycle of cows. On day 3, during the early luteal period,
LH pulse frequency was high. On day 10 or 11, during the midluteal period, LH pulse
frequency was decreased. On day 18 or 19, the secretion of LH was variable. The
authors speculated that the variability was due to different concentrations of ovarian
steroid hormones. Ireland and Roche (1982) observed increased concentration and pulse
frequency of LH (but not FSH) in cows with serum progesterone concentrations of less
than 1 ng/ml.

Effect of Estrogen and Progesterone on LH Secretion
The roles of both estradiol and progesterone in the inhibition of secretion of LH
have been studied in the ewe. Similar results would be expected in the cow. Goodman
and Karsch (1980) investigated secretion of LH in ovariectomized Suffolk ewes treated
with either estradiol or progesterone. Estradiol inhibited pulse amplitude of LH, while
progesterone decreased pulse frequency of LH. Gonadotropin releasing hormone (GnRH)
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secreted by the hypothalamus causes the secretion of gonadotropins from the anterior
pituitary. Estradiol (but not progesterone) inhibited amplitude of a GnRH-induced LH
surge (Goodman and Karsch, 1980). Treatment of ovariectomized ewes with estradiol or
progesterone decreased GnRH, measured in serial samples of hypopyseal portal blood
(Karsch et al., 1987). Estradiol and progesterone decrease secretion of LH by inhibiting
secretion of GnRH.
Numerous authors have investigated the effects of exogenous progestogens,
administered by various delivery systems, on secretion patterns of LH in the cow (Hill et
al., 1971; Ireland and Roche, 1982; Roberson et al., 1989; Kojima et al., 1992; Sanchez et
al., 1995. Hill et al. (1971) found that heifers fed 0.5 mg melengestrol acetate (MGA; an
orally active progestogen) per day for 21 days had greater concentrations of LH in serum
than heifers that were fed 1.0 mg per day for the same time period. Cows given one half
of a progesterone releasing intravaginal device (PRID) had greater LH pulse frequency
than cows given two PRIDs (Roberson et al., 1989). LH pulse frequency increased within
6 hours after dosage of progesterone was changed from two PRIDs to one half PRID in
cows. Conversely, LH pulse frequency decreased within 6 hours after dosage of
progesterone was changed from one half PRID to two PRIDs (Bergfeld et al., 1996).
Kojima et al. (1992) compared mean concentrations and pulse frequency of LH in cows
receiving one PRID, two PRIDs, norgestomet ear implants, MGA, or no exogenous
progesterone. Cows in the control group were synchronized to be in the luteal phase of
their estrous cycles during the experiment. Mean concentrations of LH were lowest in
control cows, and pulse frequency was highest in cows receiving norgestomet ear
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implants. These studies contributed to the idea that treatment with low concentrations of
exogenous progestogens often resulted in increased LH pulse frequency.

Effect of Low Progesterone on Secretion of Estradiol
High concentrations of estradiol 17-β have been associated with low
progesterone. Bergfeld et al. (1996) found that concentrations of estradiol-17β increased
within 6 hours after a reduction in progesterone. Both Roberson et al. (1989) and Kojima
et al. (1992) found increased concentrations of estradiol-17β in groups of cows that had
low progesterone and increased LH. Other authors who used controlled internal drug
releasing devices (CIDRs) containing progesterone (Sirois and Fortune, 1990),
norgestomet ear implants (Sanchez et al., 1993), and PRIDs (Wehrman et al., 1993) to
induce low concentrations of progestogen, found increased serum concentrations of
estradiol-17β. Cows were given norgestomet ear implants on day 7 and either maintained
the corpus luteum (CL), or were treated with PGF2α to induce regression of the CL.
Cows without a CL had higher concentrations of estradiol-17β on day 10 (9.5 vs. 1.7
pg/ml), day 13 (12.2 vs. 1.3 pg/ml), and day 16 (11.8 vs. 2.8 pg/ml; Sanchez et al., 1993).
Thecal cells produce androgens in response to LH, while granulosal cells aromatize
androgens in response to FSH (Fortune, 1994). Increased secretion of LH due to low
progesterone negative feedback causes increased production of estradiol-17β by follicles.
However, serum concentrations of estradiol-17β increased despite the absence of changes
in the concentrations of LH after the removal of the CL in heifers anesthetized with
sodium pentobarbital (Fogwell et al., 1978).
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Effects of Low Progesterone on Follicular Development
Persistent Follicles
Early investigators reported an increase in the size of the largest follicle when the
amount of progesterone injected into heifers was decreased (Ulberg et al., 1951). Heifers
fed MGA for 21 days had one follicle 18 mm in diameter and numerous other atretic
follicles less than 4 mm in diameter (Guthrie et al., 1970). Later, studies utilizing
ultrasonography confirmed that the increase in size of the largest follicle in cattle treated
with low progesterone was due to a prolonged period of dominance (Sirois and Fortune,
1990; Cupp et al., 1992; Savio et al., 1993b). Numerous authors have attributed
persistence of the largest follicle to increased pulse frequency of LH (Roberson et al.,
1989; Sirois and Fortune, 1990; Kojima et al., 1992, 1995; Savio et al., 1993b; Sanchez et
al., 1995).
Glencross (1987) stimulated the development of large follicles 1 to 2 cm in
diameter by hourly infusion of GnRH for 5 to11 days in luteal phase heifers either treated
or not treated with a PRID. Eighty-eight percent of cows given 50 µg bovine LH every 2
hours maintained the first largest ovarian follicle until day 13 (Taft et al., 1996). These
studies showed that LH, independent of a change in progesterone, can cause persistence
of the dominant follicle in cattle. Thus, low progesterone allows increased LH pulse
frequency, which causes continued growth and secretion of estradiol 17-β by the
dominant follicle.
Increased secretion of estradiol by persistent follicles could be caused by: 1) an
increase in steroidogenic enzymes involved in estrogen production, or 2) an increase in
number of steroidogenic cells (granulosal and thecal). Bigelow et al. (1998) found that
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persistent follicles had more granulosal and thecal cells than dominant follicles from
control heifers, but in vitro production of estrogen by granulosal cells from persistent
follicles and control follicles was not different. It was suggested that increased secretion
of estradiol in persistent follicles is due to increased cell numbers. In the same study,
concentrations of progesterone in follicular fluid were greatest in follicles taken 24 hours
after CIDR removal from heifers induced to have persistent follicles (Bigelow et al.,
1998). A fixed number of granulosal cells from these same follicles secreted the greatest
amount of progesterone during a 3-hour incubation period. The authors speculated that
increased pulse frequency of LH could cause premature luteinization of persistent
follicles, resulting in increased progesterone production.

Low Ascending Progesterone
Shaham-Albalancy et al. (2000) gave injections of PGF2α to cows on days 3, 3.5,
and 4 of the estrous cycle to cause a pattern of low ascending concentrations of
progesterone. Follicles from cows with low ascending concentrations of progesterone
were compared to follicles from cows with low constant concentrations of progesterone
(persistent follicles) and normal concentrations of progesterone (control). The first-wave
dominant follicle was atretic on day 15 in cows with low ascending and normal
concentrations of progesterone, but not in cows with low constant concentrations of
progesterone. The atretic first-wave follicle of cows with low ascending concentrations
of progesterone was larger in diameter than the atretic first-wave follicle in cows with
normal concentrations of progesterone (15.0 ±1.4 vs. 11.8 ±1.0 mm). Although follicular
fluid concentrations of estradiol in the first-wave atretic follicles were not different, the
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follicular fluid concentrations of estradiol in the dominant follicle were highest in cows
with low constant concentrations of progesterone, intermediate in cows with low
ascending concentrations of progesterone, and lowest in cows with normal concentrations
of progesterone. Growth and follicular fluid concentrations of estradiol of follicles in
cows with low ascending concentrations of progesterone were greater than control values,
indicating that LH pulse frequency probably was increased due to lower progesterone.
The first-wave dominant follicle of cows with low ascending concentrations of
progesterone had characteristics intermediate to control and persistent follicles.

Gonadotropin Receptors
Another aspect of the hormonal system that should be considered in the function
of persistent follicles or follicles maintained during low progesterone is receptor number.
LH (but not FSH) receptor numbers were greater in granulosal and thecal cells of
dominant follicles collected from cows given 6 mg norgestomet ear implants for 9 days
before the first postpartum estrus than those collected from cows that were not given ear
implants (Inskeep et al., 1988). The number of LH receptors in the theca from follicles
preceding the first postpartum estrus was less than in theca from follicles from cyclic
cows (Braden et al., 1989). Progestogen pretreatment (endogenous or exogenous)
increased numbers of LH receptors in the largest follicle. FSH and LH receptor
concentrations were higher in thecal and granulosal cells from persistent follicles (Cupp
et al., 1993). Therefore, continued low concentrations of progesterone could cause
increased receptor numbers in persistent follicles. Altered concentrations of receptor
could cause developmental changes that would ultimately affect fertility.
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Mechanisms of Reduced Fertility in Cattle with Low Progesterone
Concentrations of progesterone during the cycle prior to breeding have been
correlated with fertility. Cows that conceived had higher concentrations of progesterone
during the estrous cycle prior to breeding than cows that did not conceive (Folman et al.,
1973; Corah et al., 1974; Erb et al., 1976; Fonseca et al., 1983; Meisterling and Dailey,
1987). Pregnancy rates (Savio et al., 1993b; Mihm et al., 1994; Smith and Stevenson,
1995; NE-161 Cooperative Research Project, 1996), oocyte viability (Revah and Butler,
1996), and embryonic survival (Ahmad et al., 1995) were decreased significantly in cows
that ovulated a persistent follicle after exposure to low progesterone for seven days or
more.
The mechanisms by which fertility is reduced in cows or heifers with persistent
follicles due to low progesterone are not fully understood. Oocytes aspirated from
persistent follicles have been found to undergo premature maturation (Revah and Butler,
1996). In a study in which fertilization rate did not differ, recovery rate of
oocytes/embryos from the uterus and percentage of embryos that reached the 16-cell stage
of development were decreased in cows with persistent follicles (Ahmad et al., 1995).
Fertilization rate, rate of recovery from the oviduct, rate of recovery from the uterus, and
development to the 4- to 8-cell stage did not differ between postpartum cows given
norgestomet for 9 days or weaned controls (Breuel et al., 1993). Pregnancy rates did not
differ when normal embryos were transferred to recipients that had either a persistent or
control follicle (Werhman, 1997). It was suggested that fertilization rate (ovulation,
oocyte transport, and sperm transport) and uterine environment are not involved in
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reducing fertility of cattle with persistent follicles. However, decreased oocyte quality,
retarded embryonic development, and reduced embryonic transport may be involved.
Many studies relating fertility to progesterone profiles before ovulation have been
retrospective; the effects of naturally-occurring low progesterone on fertility are not fully
understood. Results from research on persistent follicles in cows with low constant
exogenous progestogen can be used to speculate on mechanisms involved in decreased
fertility of cattle with low progesterone prior to ovulation.

Timing of Luteal Regression
Several investigators have studied the effects of PGF2α given on different days of
the estrous cycle on synchrony of estrus, interval to estrus, and fertility. Although
synchrony of and time to estrus varied, pregnancy rates did not differ among heifers
treated with PGF2α on days 7, 11, or 15 (Tanabe and Hann, 1984) and on days 5 to 8 or
14 to 16 (Stevenson et al., 1984) of the estrous cycle. However, Watts and Fuquay (1985)
showed increasing pregnancy rates in heifers given PGF2α early, mid, or late in the
estrous cycle (42.8, 62.1, and 78.3%). Momont and Seguin (1984) reported a greater
variability in the time from injection of PGF2α to estrus in Holstein heifers and cows
treated on day 10 compared to those treated on day 7 or 8. Pregnancy rate was greater in
heifers given PGF2α on day 7 (73%) than in heifers given PGF2α on day 10 (21%). Cows
treated on day 10 may have ovulated a follicle from the first or second follicular wave
while cows treated on day 7 or 8 probably ovulated follicles from the first follicular wave.
Therefore, differences in synchrony of estrus and pregnancy rate are most likely due to
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the time of treatment with PGF2α in relation to stage of the follicular wave (and whether
a persistent or a growing follicle ovulated), not day of the estrous cycle.

Oocyte Maturation
Oocyte maturation and the factors that regulate this process in cattle have been
reviewed in depth (Bevers et al., 1997; Taft, 1999). Oocytes are arrested in prophase of
the first meiotic division until just before ovulation in ruminants. The LH surge is the
normal preovulatory trigger that initiates resumption of meiosis by the oocyte (Bevers et
al., 1997). An infusion of LH insufficient to cause ovulation stimulated oocytes in rats
and rabbits to undergo premature maturation (Mattheij, 1994). Bovine oocytes aspirated
from persistent follicles were shown to have resumed meiosis prematurely (Revah and
Butler, 1996). The authors speculated that increased LH pulse frequency in cows with
persistent follicles may be sufficient to induce oocyte maturation. More oocytes from
heifers treated with a norgestomet ear implant for ten days had resumed meiosis than
oocytes from heifers treated for two days (Mihm et al., 1999). The authors proposed that
oocytes from follicles with a duration of dominance greater than ten days resumed
meiosis. However, Taft (1999) observed changes in the oocyte associated with the
resumption of meiosis after only two days of low progesterone.
During the development of a follicle, cumulus cells form processes that extend
through the zona pellucida and form gap junctions with the oolemma (Zamboni et al.,
1972). These processes allow communication between the oocyte and cumulus cells.
Both stimulatory and inhibitory compounds affecting resumption of meiosis in the oocyte
have been identified. Pincus and Enzman (1935) first proposed that the cumulus cells
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supply a substance(s) to the ovum that directly inhibits nuclear maturation. Disruption of
cumulus-oocyte communication causes the oocyte to resume meiosis (Dekel and Beers,
1978). Stimulation of cumulus-oocyte complexes with LH decreased the number of gap
junctions, and the transport of inhibitory compounds to the oocyte, allowing meiosis to
proceed (Dekel and Beers, 1978; Granot and Dekel, 1994, 1998). Therefore, increased
LH pulse frequency may cause the retraction of cumulus processes, which in turn allows
the oocyte to resume meiosis.
Embryo viability could be compromised by advancement of oocyte maturation.
The oocyte and early embryo depend on maternal mRNA to function before the embryo
can transcribe its own mRNA. More than 300 peptides are translated from the maternal
mRNA in the early murine embryo (Menezo and Renard, 1993). The bovine embryo
begins transcribing embryonic mRNA when it reaches the 8- to 16-cell stage (Telford et
al., 1990). The development of bovine embryos beyond the 8-cell stage was decreased in
cows that ovulated persistent follicles (Ahmad et al., 1995). Premature maturation of an
oocyte could deplete or alter maternal mRNA necessary for early development of an
embryo, resulting in decreased embryonic survival.

Effects of Estrogen on Fertility
Research in other species supports the role of estradiol in reduced fertility in
animals with low progesterone. When ovulation was delayed by as little as 48 hours in
rats, concentrations of estradiol increased in follicular fluid, implantation rate was
decreased and embryonic death was increased. When rats were treated with antiserum

16

against estrogen, the detrimental effects of estrogen were ablated (Butcher and Pope,
1979). However, changes in the oocyte associated with decreased fertility occurred in
cows with persistent follicles in which follicular fluid and serum concentrations of
estradiol were reduced to trace amounts (Revah and Butler, 1996). In their 1996 review,
Bevers et al. (1997) concluded that steroids played no role in the resumption of meiosis in
cattle.
Although estradiol may not affect oocyte maturation, it could affect embryonic
transport and reduce fertility. It has long been known that the ratio of estrogen to
progesterone affects the motility of the reproductive tract. Treatment of ovariectomized
ewes with estradiol benzoate caused fluid in the oviduct to flow away from the uterus
(McDonald and Bellve, 1969). Booth et al. (1975) found that the recovery rate of
embryos was decreased in heifers that had high peripheral concentrations of estradiol.
Cows with normally developing embryos had higher concentrations of progesterone and
lower estradiol to progesterone ratios on days 3 and 6 (Maurer and Echternkamp, 1982).
In the same study, cows in which no embryos were recovered had an increased interval
from the onset of estrus to the LH surge. Increased secretion of estrogen due to prolonged
low concentrations of progesterone could decrease fertility by altering embryonic
transport to the uterus.

Timing of the LH Surge and Ovulation
Low concentrations of progesterone could alter the timing of the LH surge and
ovulation in relation to estrus and affect fertility. Treatment of ewes with vaginal sponges
containing flurogestone acetate altered the timing of the LH surge in relation to estrus.
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The LH surge occurred later in relation to the onset of estrus in ewes treated with 40 mg
flurogestone acetate than in ewes treated with 20 mg flurogestone acetate and fertility was
greater in the ewes receiving the higher dosage (Lewis et al., 1974). The interval from the
end of estrus to ovulation was 4.1 hours longer in heifers synchronized with
dihydroxyprogesterone acetophenide than in control heifers, and pregnancy rate was
lower in synchronized heifers (32%) than in control heifers (50%; Wiltbank et al., 1967).
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Statement of the Problem
Reproduction is the most important requisite of beef cattle production. Without
the birth of a live calf, there is no potential for profit. Cows that do not become pregnant
to the first breeding yield less potential profit. Repeat breeders require additional
breeding (artificial insemination) and management expenses, and wean a younger, lighterweight calf. Methods to improve reproductive performance of beef cattle are of great
interest to beef cattle producers.
Use of exogenous hormones to synchronize estrus is one method for management
of reproduction in beef cattle. This procedure, if successful, shortens the breeding and
calving seasons. Estrous synchronization allows producers to improve genetics of their
herds by artificially inseminating with semen from genetically superior bulls. The use of
low dosages of exogenous progestogens for extended periods of time in synchronization
regimens results in a large percentage of animals in estrus; however, fertility at this estrus
has been lower than fertility at a spontaneous estrus. Lower concentrations of
progesterone during the cycle before ovulation have been correlated directly with
decreased fertility.
The mechanisms by which fertility is reduced in cattle with low concentrations of
progesterone are not fully understood. Low, constant progesterone results in an increase
in LH pulse frequency. The LH surge initiates the resumption of meiosis in the oocyte.
Increased LH pulse frequency might initiate oocyte maturation too early in relation to
fertilization, resulting in an embryo that is not viable. Increased secretion of estradiol
could reduce fertility by inhibiting embryonic transport.
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Fertility was decreased in cows with lower concentrations of progesterone during
the cycle before ovulation (Folman et al., 1973; Corah et al., 1974; Erb et al., 1976;
Fonseca et al., 1983; Meisterling and Dailey, 1987). A recent study (Shaham-Albalancy
et al., 2000) has shown that a pattern of low ascending progesterone affects development
of the follicle, but to a lesser degree than low constant progesterone. The present study
was performed to investigate the effects of low ascending concentrations of progesterone
on fertility of the first service in beef cows ovulating the first wave dominant follicle.
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Materials and Methods
Preliminary Experiment
Ovulation of the first wave dominant follicle on the same day of the estrous cycle
would allow comparison of fertility in cows with different profiles of progesterone, but
with the same follicular age. Treatment regimens that would allow ovulation of the first
wave dominant follicle in lactating beef cows with normal or low ascending profiles of
progesterone were required for this study. Injections of 25 mg PGF2α given to Holstein
heifers twice daily on day 4 or days 2 and 3 inhibited progesterone secretion but did not
alter estrous cycle length (Beal et al., 1980). Shaham-Albalancy et al. (2000) gave dairy
cows injections of 25 mg PGF2α on days 3, 3.5, and 4 of the estrous cycle to induce a low
ascending profile of progesterone. The day of the estrous cycle to give an injection of
PGF2α to cause regression of the corpus luteum and ovulation of the first wave dominant
follicle was selected based on the following literature.
Emergence of the second follicular wave occurred on day 10 in heifers with 2wave estrous cycles and day 9 in cows with 3-wave estrous cycles (Ginther et al., 1989).
Momont and Seguin (1984) reported greater variability in the interval from injection of
25 mg PGF2α to estrus in heifers treated on day 10 than in heifers treated on days 7 and 8.
It was reasoned that heifers treated with 25 mg PGF2α on day 7 or 8 most likely ovulated
a first wave follicle, while heifers treated on day 10 may have ovulated a first or second
wave follicle. Because a second wave follicle would produce less estrogen than a first
wave follicle on day 10 of the estrous cycle, heifers that ovulated a second wave follicle
would show estrus later than heifers that ovulated a first wave follicle. Day 9 was
selected to maximize the time from low progesterone to ovulation of a first wave
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dominant follicle in treated animals, but avoid ovulation of a second wave follicle.
A preliminary experiment was performed to determine if cows injected with 25
mg PGF2α on days 3, 3.5, and 4 of the estrous cycle and cows not treated with PGF2α
would ovulate the first wave dominant follicle after an injection of 25 mg PGF2α on day
9.Cows (n = 15) located at the WVU Reedsville Farm were observed a minimum of 30
minutes twice daily for signs of estrus. Cows (n = 8) received three 25 mg injections of
PGF2α (i.m.) on days 3, 3.5, and 4 after estrus. All cows were injected with 25 mg PGF2
α (i.m.) on day 9 after estrus, and ovaries of all cows were examined daily using
transrectal ultrasonography (Aloka Model #SSD-500) equipped with a 7.5 MHZ lineararray transducer. Time of ovulation was identified as the first examination at which the
largest follicle was no longer detected.
All cows were in estrus within four days after injection with 25 mg PGF2α on
day 9. Ovulation of the first wave dominant follicle was detected within five days after
injection with 25 mg PGF2α on day 9 in all except one control cow. The dominant
follicle appeared to luteinize in the cow in which ovulation was not detected. Therefore,
day 9 was considered to be a suitable time for initiation of luteal regression in the main
experiment.

Animals and Treatments
During the summer of 2000, 112 lactating beef cows on two farms were used for
this experiment. All cows were observed a minimum of 30 minutes twice daily for signs
of estrus. Cows (n = 72) at the WVU Reymann Memorial Farm were moved from
pasture to drylot within four days after detection of estrus for easier handling. Cows were
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fed hay free choice and a maintenance grain supplement while in the drylot. After
completion of treatments, cows were returned to pasture. Body condition scores from 47
cows evaluated in this herd averaged 6.6 and ranged from 6 to 8. Cows (n = 40) at the
WVU Reedsville Farm were maintained on pasture for the duration of the experiment.
Body condition scores from all cows in this herd averaged 6.5 and ranged from 5 to 9 in
this herd.
After detection of estrus, cows were assigned at random to one of two treatment
groups (Figure 1). Cows on the low ascending progesterone treatment received three
injections of 25 mg PGF2α (i.m.) on days 3, 3.5, and 4 after estrus (Shaham-Albalancy,
2000). All cows were injected with 25 mg PGF2α (i.m.) on day 9, and with 400 µg
estradiol benzoate (i.m.) on day 11 to synchronize estrus. Cows detected in estrus after
the injections of PGF2α and estradiol benzoate were artificially inseminated 12 hours
later. Two experienced technicians inseminated cows, one at each location. Semen from
a single bull of high fertility was used to inseminate cows at the Reedsville farm, while
semen from four bulls of high fertility was used to inseminate cows at the Reymann
Memorial Farm.

Ultrasonography and Blood Sampling
Ovaries of all cows were examined using transrectal ultrasonography (Aloka
Model #SSD-500) equipped with a 7.5 MHZ linear-array transducer on days 4, 6, 8, 10,
and daily until ovulation occurred. Significant ovarian structures (follicles > 6 mm and
corpora lutea) were recorded on ovarian maps. Time of ovulation was identified as the
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Figure 1. Experimental Design. In addition to treatments and observations shown,
ovaries of all cows were examined using transrectal ultrasonography on days 4, 6, 8, 10
and daily until ovulation occurred; and jugular venous blood samples were taken on days
4, 6, 8, 9, and 11.
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first examination at which the largest follicle was no longer detected. Jugular venous
blood samples were taken on days 4, 6, 8, 9, and 11 and stored overnight at –200 C.
Serum was separated by centrifugation and stored at –200 C until assayed for
progesterone.
Serum samples were assayed for progesterone as described by Sheffel et al.
(1982). All samples from a cow were measured in duplicate in the same assay. To verify
that treatment altered the progesterone profile, values for progesterone were examined by
ANOVA for a split plot with farm, treatment, cow within farm by treatment, day, and day
by treatment interaction included in the model. Values for concentration of progesterone
from 81 cows that completed the experiment (i.e., were detected in estrus, artificially
inseminated, and ovulated the first-wave dominant follicle) were included in this analysis.
The curve of progesterone was reduced in treated versus control cows (Figure 2).
Average concentrations of progesterone on days 4, 6, and 8 were lower in cows at the
Wardensville farm (3.1 ± 0.2 ng/ml) than in cows at the Reedsville farm (4.0 ± 0.2
ng/ml).
All cows that completed the experiment and did not return to estrus were
examined for pregnancy by transrectal ultrasonography at approximately days 30 and 60
after artificial insemination. Pregnancy was determined by the visualization of an
embryonic/fetal heartbeat. If no heartbeat was detected, cows were reexamined the
following week. A cow was categorized as non-pregnant if no signs of pregnancy were
detected. Calving records from the spring of 2001 were used to ensure accuracy of
ultrasound data. Five cows that were categorized as non-pregnant at day 30 and pregnant
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Figure 2. Mean concentrations of progesterone in serum of treated (squares; n = 41) or
control (triangles; n = 40) cows on days 4, 6, 8, 9, and 11 of the experimental estrous
cycle.
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at day 60 calved at the expected calving date corresponding to the artificial insemination.
These cows were included in the analysis of pregnancy rate as pregnant.

Statistics
Data from 112 cows were available for analysis of occurrence of estrus, ovulation
of the first-wave follicle, and diameter of the largest follicle on day 10. Twenty-five cows
were not detected in estrus and were not included in the analysis of days to estrus after
injection of PGF2α. Ovulation was not detected in 26 cows. Data from these cows were
not included in the analysis of days to ovulation after injection of PGF2α. Body condition
scores of the 66 cows evaluated were distributed as follows: 5 (n = 1), 6 (n = 36), 7 (n =
24), 8 (n = 4), 9 (n = 1). A total of 81 cows completed the experiment and were included
in the analysis of pregnancy rate.
Effects of treatment, farm, and treatment by farm interaction on diameter of the
largest follicle on day 10 of the estrous cycle were examined by ANOVA using the GLM
procedure of SAS. The remaining tests were examined using the CATMOD procedure of
SAS. Treatment, farm, and treatment by farm interaction were included in the model for
estrus, ovulation of the first-wave follicle, days to estrus after injection of PGF2α on day
9, days to ovulation after injection of PGF2α on day 9, and diameter of the largest follicle
on day 10. Treatment, farm, body condition score at the beginning of the experiment, and
service sire were included in the model for pregnancy rate. Variables included in the
second model used to analyze pregnancy rate were days to estrus after injection of PGF2α
on day 9, rank of the average concentration of progesterone on days 4, 6, and 8 within
treatment, rank of the slope of the concentrations of progesterone on days 4, 6, and 8
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within treatment, and side of ovulation. Effects of insemination technician were
confounded with farm, thus technician was not considered separately.

Results
Follicular Development, Estrus, and Ovulation
There was no effect of treatment on the diameter of the first-wave dominant
follicle on day 10 (Table 1). Diameter of the first-wave dominant follicle on day 10 was
significantly larger in cows at the Reedsville farm (14.5 ± 0.2 mm) than in cows in the
herd at Wardensville (13.2 ± 0.2 mm; p < 0.01). Neither the proportion of cows that were
detected in estrus (78%) nor the proportion that ovulated the first-wave dominant follicle
(77%) was affected by treatment (Table 1) or farm. There was no effect of farm or
treatment on the intervals from injection of 25 mg PGF2α on d 9 to estrus or ovulation.
None of these variables were affected by an interaction of farm or treatment.

Pregnancy Rate
Pregnancy rate did not differ between treated (68%) and control (70 %) cows or
between cows housed at the Reedsville (76%) and Wardensville (65%) farms (Table 1).
Pregnancy rate was greater (p < 0.01) in cows that ovulated a follicle from the right (78 ±
6%) versus left (52 ± 10%) ovary. Body condition score, service sire, diameter of the
largest follicle on day 10, days from injection of PGF2α to estrus, rank of the average
concentration of progesterone from days 4 through 8 within treatment, rank of the slope
of the concentrations of progesterone on days 4, 6, and 8 within treatment, and side of
previous corpus luteum did not affect pregnancy rate (Table 2).
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Table 1. Effects of treatment with 25 mg PGF2α on days 3, 3.5, and 4 on ovulation of
the first-wave follicle, estrus, days to estrus, days to ovulation, diameter of the largest
follicle on day 10, and pregnancy rate in cows receiving PGF2α on day 9 of the estrous
cycle.

Variable
Diameter of the Largest
Follicle on Day 10

Treated

Control

13.7 ± 0.2 mm

13.6 ± 0.2 mm

Estrus

45/57 (79%)

42/55 (76%)

Days to Estrus

2.5 ± 0.1 days

2.6 ± 0.1 days

Ovulation of the
First-Wave Follicle

13.7 ± 0.2 mm

13.6 ± 0.2 mm

Days to Ovulation

3.9 ± 0.1 days

4.0 ± 0.1 days

Pregnancy Rate for Cows
in Estrus and Ovulated a

28/41 (68%)

28/40 (70%)

a

Thirty one cows that were not detected in estrus and/or were not detected to ovulate the
first wave follicle were not included in the analysis of pregnancy rate
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Table 2. Effects of recorded and measured variables on pregnancy rate in cows that were
in estrus and inseminated in the study.
Variable
n
Pregnancy Rate
Body Condition Score
5–6
27/36
75%
7–9
14/24
58%
Service Sire
123
535
539
61195

6/9
13/20
35/50
2/2

67%
65%
70%
100%

Diameter of the Largest
Follicle on Day 10
<12
12
13
14
15
16
• 17

5/6
11/12
10/18
8/14
9/13
8/11
5/7

83%
92%
56%
57%
69%
73%
71%

Days to Estrus
2.0
2.5
3.0

11/16
35/45
10/20

69%
78%
50%

Rank of Average Concentration of
Progesterone on Days 4 - 8
Upper fourth
Middle half
Lower fourth

14/20
30/41
12/20

70%
73%
60%

Rank of Slope of Concentration of
Progesterone on Days 4 - 8
Upper fourth
Middle half
Lower fourth

14/20
26/41
16/20

70%
63%
80%

Side of Previous Corpus Luteum
Right
Left
Adjacent to Current Ovulation
Opposite to Current Ovulation

42/56
15/25
30/44
27/37

75%
60%
68%
73%
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Discussion
Treatment with PGF2α on days 3, 3.5, and 4 produced the expected pattern of low,
ascending progesterone early in the estrous cycle, but did not decrease fertility in cows
that ovulated the first wave dominant follicle on day 12 or 13 after previous estrus. With
the addition of this experiment, the effects of three different profiles of low progesterone
on fertility have been investigated. These profiles will be discussed to illustrate how the
results of the current research compare to data in the literature.
Shaham-Albalancy et al. (2000) gave injections of PGF2α to cows on d 3, 3.5, and
4 of the estrous cycle to cause a low ascending profile of progesterone. The resulting
profile of plasma progesterone was lower than in cows with normal concentrations of
progesterone (control), but higher than in cows given two injections of PGF2α on days 6
and 7, and two progesterone-releasing devices on day 6 (low constant progesterone). The
authors proposed that the low ascending progesterone profile would mimic naturally
occurring low concentrations of progesterone during the estrous cycle in cows, and that
this model could be used to study the effects of this profile of progesterone on fertility.
The first-wave dominant follicle was atretic on day 15 in cows with low ascending and
normal concentrations of progesterone, but not in cows with low constant concentrations
of progesterone. The atretic first-wave follicle in cows with low ascending
concentrations of progesterone was larger than the atretic first-wave follicle in control
cows (15.0 ±1.4 vs. 11.8 ±1.0 mm). Although follicular fluid concentrations of estradiol
in the first-wave atretic follicles were not different, the follicular fluid concentrations of
estradiol in the largest healthy follicles (presumed second wave) were greater in cows
with low ascending concentrations of progesterone than in the control cows. Growth of
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the first-wave atretic follicle and follicular fluid concentrations of estradiol in the largest
healthy follicle were greater in cows with low ascending concentrations of progesterone
than in control cows, indicating that LH pulse frequency probably was increased in cows
with lower concentrations of progesterone.
Pregnancy rates (Savio et al., 1993b; Mihm et al., 1994; Smith and Stevenson,
1995; NE-161 Cooperative Research Project, 1996), oocyte viability (Revah and Butler,
1996), and embryonic survival (Ahmad et al., 1995) were decreased significantly in cows
with extended periods of low progesterone. To achieve low progesterone in those
studies, corpora lutea were regressed by injection of PGF2α, and endogenous
progesterone was replaced by progesterone-releasing devices. Mean concentrations of
progesterone in these studies increased until the day of PGF2α injection, declined after
injection of PGF2α , and remained low until the progesterone-releasing device was
removed.
It has been proposed that a period of 10 days of low progesterone is required to
significantly decrease fertility (Mihm et al., 1994; Austin et al., 1999). Many studies have
shown that events associated with a decrease in fertility occur after 9 days of low
progesterone treatment (Ahmad et al., 1995; NE-161, 1996; Revah and Butler, 1996; Taft
et al., 1996; Taft, 1999). Because the period of lowered progesterone in the present study
was approximately 4 days, it may have occurred too early in the life of the follicle or may
have been too short in duration to reduce fertility.
Premature oocyte maturation is the most likely mechanism for reduction of
fertility in cattle with extended periods of low progesterone. Revah and Butler (1996)
proposed that prolonged exposure to increased LH pulse frequency may stimulate oocyte
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maturation in cows. Mihm et al. (1999) proposed that a period of 10 days of dominance
was required to initiate oocyte maturation in heifers. However, Taft (1999) observed
changes in the oocyte associated with the resumption of meiosis after concentrations of
progesterone were lowered for two days. Concentrations of progesterone in the study by
Taft (1999) increased until day 6, when the injection of PGF2α was given. In the current
study, progesterone secretion was reduced before it reached higher concentrations, but
allowed to increase from days 4 to 9. Initiation of meiosis and/or reduction of fertility
may require high followed by low concentrations of progesterone.
Fertility was decreased in cows with lower concentrations of progesterone during
the cycle before ovulation (Folman et al., 1973; Corah et al., 1974; Erb et al., 1976;
Fonseca et al., 1983; Meisterling and Dailey, 1987). Concentrations of progesterone in
milk of cows that conceived were 2 ng/ml or more greater than in cows that did not
conceive (Meisterling and Dailey, 1987). In the current study, the average mean
concentration of progesterone on days 4, 6, and 8 was lower (p < 0.01) in treated (3.1 ±
0.2 ng/ml) than in control (3.8 ± 0.2ng/ml) cows. This reduction may not have been great
enough to significantly affect fertility. The period of low progesterone occurred
throughout the estrous cycle in the studies cited above which fertility was decreased in
cows with low ascending concentrations of progesterone. In the present study, the period
of low progesterone occurred during only the first wave of follicular development.
Again, the period of low progesterone in the present study may have been too short in
duration to reduce fertility significantly.
In the current study, pregnancy rate was greater in cows that ovulated a follicle
from the right versus left ovary. Fifty-eight percent of pregnancies occurred in the right

33

uterine horn of 704 cows palpated for pregnancy (Clark, 1936). In their 1938 study on
the functional activity of the right and left bovine ovary, Reece and Turner found that
73.5 % of ovulations occurred on the right ovary of 136 mature heifers. They concluded
that the right ovary was functionally more active and that this difference was responsible
for increased pregnancy rate in the right uterine horn seen in other studies. Although an
equal proportion of early postpartum cows ovulated from either ovary, pregnancy rate
was increased in cows that ovulated a follicle from the right side (Bridges et al., 2000). In
contrast, in dairy cows in which ovulation occurred more frequently on the right (62%)
versus left (38%) ovary, pregnancy rate tended to be greater (p = 0.079) when ovulation
occurred on the left (79%) versus right (63%) ovary (David Townson et al., NE-161,
unpublished data).
In conclusion, treatment with PGF2α on days 3 to 4 produced a pattern of low
ascending concentrations of progesterone. However, this treatment did not decrease
fertility in cows that ovulated the first wave dominant follicle. Although a low ascending
profile of progesterone early in the estrous cycle did not affect fertility, several interesting
findings were made. Pregnancy rate was greater in cows that ovulated a follicle from the
right versus left ovary, and was greater in cows that came into estrus 2.5 compared to 2.0
or 3.0 days after injection of PGF2α on day 9.
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